Our previous studies have shown that oocytes collected from prepubertal calves lack developmental competence. The overall objective of this study was to assess causes by comparing biochemical and physiologic changes during in vitro maturation of oocytes collected from ovaries of adult cattle at slaughter and from superstimulated calves (Ͻ6 mo old) by either laporotomy or ultrasound-guided follicular aspiration. Activity and/or concentrations of maturation-promoting factor (MPF), mitogen-activated protein kinase (MAPK), and inositol 1,4,5-trisphosphate receptor (IP 3 R) were determined by measuring phosphorylation of histone H-1 kinase, phosphorylation of myelin basic protein, or Western blotting, respectively, and were compared between oocytes collected from calves and for those collected from cows. The activities of MPF and MAPK and the relative amount of IP 3 R were significantly lower in calf oocytes. The physiologic significance of these observations was determined by assessing the developmental potential of embryos derived by reciprocal transfer of metaphase II (M-II) chromosomes between cow and calf ooplasts and transfer of adult cumulus cells (G0/G1) into cow and calf ooplasts. Procedural controls consisted of transfer of M-II between adult oocytes and parthenogenic activation of adult and calf oocytes. Adult parthenogenically activated oocytes cleaved and developed to blastocysts at a higher rate than did similarly activated calf oocytes (42.1% vs. 3.4%, P Ͻ 0.05). Cleavage was also higher in reciprocal M-II transfer embryos containing adult ooplasm (46.2% vs. 12.0%, P Ͻ 0.05). Cleavage (66.7% vs. 21.9%, P Ͻ 0.05) and development to blastocyst (20.1% vs. 4.8%, P Ͻ 0.05) of nuclear transfer embryos reconstructed from adult cumulus cells was higher after transfer to adult ooplasts. Collectively, these results support the hypothesis that lack of developmental competence of calf oocytes is due to their failure or inability to complete ooplasmic maturation.
INTRODUCTION
Mammalian oocytes are arrested at birth in prophase of the first meiotic division [1] and must resume and complete meiosis and maturation before successful fertilization can take place. Meiotic competence, the ability of oocytes to resume and complete meiosis, is acquired progressively during follicular and oocyte growth and is associated with a series of nuclear and ooplasmic changes [2] [3] [4] [5] [6] [7] . The main nuclear events include germinal vesicle breakdown (GVBD), chromosome condensation, progression to metaphase I (M-I), extrusion of the first polar body, and subsequent arrest at metaphase-II (M-II). Modifications within the ooplasm include organelle redistribution, changes in activity of mitogen-activated protein kinase (MAPK) and maturation-promoting factor (MPF), development of Ca 2ϩ release mechanisms, and capacity to decondense the chromatin of the fertilizing sperm [8] [9] [10] [11] . Nuclear and ooplasmic maturation occur in a synchronized manner and failure to complete these changes compromises the developmental competence of the oocytes.
Antral follicles containing fully grown oocytes are present at birth in calves. However, attempts to use these oocytes for embryo production have met with disappointing results because these oocytes are less developmentally competent than those from cows [12] [13] [14] [15] [16] [17] . Calf oocytes are smaller in diameter [14, 18] than cow oocytes and have reduced relative protein expression [18, 19] . Recently, we reported that the lower developmental capacity of calf oocytes may be attributed to incomplete or delayed ooplasmic maturation [13, 20, 21] . Although oocytes from prepubertal animals had normal rates of meiotic maturation, sperm aster formation was delayed and pronuclear formation was asynchronous. Moreover, calf oocytes released significantly less Ca 2ϩ in response to known agonists than did oocytes from adult cows.
Cytoplasmic maturation may be regulated by kinases involved in the initiation and progression of meiosis. One of these kinases, a serine-threonine heterodimeric protein kinase commonly referred to as MPF [22] , is composed of catalytic and regulatory subunits, p34 cdc2 and cyclin B, respectively [23] [24] [25] . In addition to MPF, members of the MAPK family of kinases are activated during oocyte maturation [26] [27] [28] [29] [30] [31] . MAPK is a serine-threonine kinase, which is phosphorylated and activated by MAPK kinase (MEK). MEK in turn is phosphorylated by several kinases, although in oocytes the product of the protooncogene c-mos is likely to play a predominant role [32] [33] [34] . The activation of MPF and MAPK, which share numerous substrates including proteins involved in nuclear membrane formation, chromatin condensation, and spindle assembly [35, 36] , results in resumption, progression, and arrest of meiosis at M-II [22] . Lower levels or inappropriate activation of these kinases may negatively influence the developmental capacity of calf oocytes.
Exit from arrest at M-II and subsequent oocyte activation requires initiation of fertilization-induced intracellular calcium, [Ca 2ϩ ]i, oscillations [37] [38] [39] , which have been observed in all species studied to date [40] [41] [42] [43] [44] . Maximum release of Ca 2ϩ in response to the fertilizing sperm is coincident with the arrest of oocytes at M-II [11, 45, 46] and may be due to a significant increase in inositol 1,4,5-trisphosphate receptors (IP 3 Rs) that occurs during maturation [47, 48] . Ozil [49] and Collas et al. [50] examined the correlation of embryo development with the pattern and overall amount of [Ca 2ϩ ]i released by parthenogenic agents and showed that threshold levels were required to depress MPF to allow development to proceed. Because IP 3 R is the key channel in regulating [Ca 2ϩ ]i oscillations, the amount of this receptor in the ooplasm maybe an important indicator of ooplasmic maturation and developmental competence.
The objectives of this study were to compare the functionality of key regulatory pathways (MPF, MAPK, and IP 3 R) in the ooplasm of cow and calf oocytes. To determine whether differences noted affected oocyte maturation, we also compared cleavage, development, and the ability of cow and calf ooplasm to support development after parthenogenic activation, reciprocal transfer of M-II chomosomes between cow and calf oocytes, or transfer of adult cumulus cells to cow and calf ooplasts.
MATERIALS AND METHODS

Chemicals
Unless specified, all chemicals were purchased from Sigma (St. Louis, MO).
Ovarian Stimulation
Holstein calves 90-240 days of age were treated with an ovarian stimulation regime as previously described [13, 14] . On Days 0 and 7, calves were injected i.m. with 250 IU eCG and a progestogen implant was inserted s.c. into the ear on Day 7 (6 mg Norgestomet; Sanofi, Overland Park, KS). Beginning on Day 14, a total of 24 mg porcine FSH (FSH-P; Schering, Kenilworth, NJ) was administered i.m. over 3 days at intervals of 12 h (5, 5, 4, 4, 3, and 3 mg). Oocytes were aspirated on Day 17, 12-14 h after the final injection of FSH-P. Implants were removed following oocyte aspiration.
Oocyte Recovery
Oocytes for evaluation of IP 3 R numbers were retrieved nonsurgically from calves using transvaginal ultrasoundguided aspiration (TUG) using a 5-MHz human vaginal transducer as previously described for adult animals [13, 51] . All vesicular follicles greater than 2 mm in diameter were aspirated with a 17-gauge, 35-cm echogenic, singlelumen needle (RAM IVF Supply, Madison, WI) under vacuum set at 75 mm Hg (22 ml/min) into an Em-Con filter (Immuno Systems, Spring Valley, WI) containing TyrodeHepes medium (TL-Hepes [52] ) supplemented with 3 mg/ ml BSA, penicillin/streptomycin (100 U/ml and 100 mg/ ml, respectively; Life Technologies, Grand Island, NY), and 20 IU/ml sodium heparin. For nuclear transfer experiments, oocytes were aspirated from superstimulated calves at 3-5 mo of age by laparotomy. Cumulus oocyte complexes (COC) were recovered, washed, evaluated, and graded based on overall external morphology as previously described [51] . Oocytes from postpubertal animals were obtained by aspirating 2-to 10-mm follicles from ovaries acquired from an abattoir and served as procedural controls in all experiments.
All experiments in which oocytes were collected by TUG or at laporotomy were conducted in accordance with the Guide for the Care and Use of Agricultural Animals in Agricultural Research and Teaching and with protocols approved by the Institutional Animal Care and Use Committee at the University of Massachusetts, Amherst.
In Vitro Maturation
Calf and cow COC were matured in the laboratory or during overnight transit in a portable incubator. TCM-199 with Earle salts (Life Technologies) supplemented with 10% (v/v) heat-treated fetal bovine serum (FBS; Hyclone Labs, Logan, UT), 0.5 g ovine FSH/ml (National Institute of Diabetes and Digestive and Kidney Diseases [NIDDKD], Baltimore, MD), and 5.0 g bovine LH-5/ml (NIDDKD). COC were matured in medium equilibrated with 5% CO 2 in air at 38.5ЊC for 22-24 h, and cumulus cells were removed by vortexing for 2-3 min in warm TL-Hepes. Prior to each experiment in which kinase activity or IP 3 R numbers were to be assessed, the diameter of denuded oocytes was assessed with an ocular micrometer. Only calf and cow oocytes that were similar in size were used in these experiments.
In Vitro Protein Kinase Assays
The phosphorylation of histone H-1 kinase (H-1) and myelin basic protein (MBP) by crude lysates of calf and cow oocytes was assayed simultaneously by in vitro protein kinase assays as previously described [30] . Groups of five cumulus-free calf or cow oocytes were lysed in H-1 buffer [53] at 0, 15, and 24 h of maturation and stored at Ϫ80ЊC. The kinase activities of both MPF and MAPK were evaluated by the addition of 5 l of substrate solutions containing 2 mg/ml H-1 (type III-S), 1 mg/ml MBP, 0.7 mM ATP, and 50 Ci of [␥-32 P]ATP (Amersham, Arlington Heights, IL) to the crude lysate. The reaction was performed at 30ЊC for 15 min and was terminated by the addition of 2ϫ electrophoresis sample buffer [53] . Samples were boiled, and proteins were resolved by electrophoresis on gels containing 12% SDS-polyacrylamide (Mini-Protean II; BioRad, Hercules, CA). Phosphorylation of substrates was visualized by autoradiography and quantified using Adobe Photoshop version 4.0 (Adobe Systems, San Jose, CA). The mean pixel intensity of a preselected area, set to include the largest band, was obtained and adjusted for background intensity of that gel. The relative activities of MPF and MAPK are represented in bar graphs and are shown relative to the level of germinal vesicle (GV) stage oocytes, which were arbitrarily given the value of 1. To avoid saturation of the quantification system, multiple exposures of the gels were made and measurements were carried out in those exposures where all values were in the linear range.
MAPK activity was further evaluated by an in-gel kinase assay as previously described [30] using 10% polyacrylamide gels containing 0.5 mg/ml MBP. Twenty-five cumulus-free calf or cow oocytes were used for each time point analyzed. Autoradiographs were scanned and quantified as described above.
Analysis of IP 3 R by Western Blots
The presence and relative density of the IP 3 R was determined as previously described [48] . Crude lysates of 10 cumulus-free calf or cow oocytes were collected in H-1 buffer and lysed using a double-strength electrophoresis sample buffer. Samples were then boiled for 5 min and loaded into 4% SDS-polyacrylamide gels. The resolved proteins were transferred onto nitrocellulose membranes (BioRad) using a Mini transblot apparatus. Membranes were washed in PBS-0.05% Tween 20 (PBS-T) and then blocked in PBS-T supplemented with 6% nonfat dry milk (blocking solution). Membranes were incubated overnight at 4ЊC with rabbit polyclonal primary antibody (1:4000 dilution; Dr. J. Parys, University of Levan, Levan, Belgium) raised against a conserved sequence of the type I IP 3 R [54] , washed in PBS-T, and incubated for 1 h in horseradish peroxidase-coupled mouse anti-rabbit antibody (1:4000 dilution). Membranes were washed thoroughly and developed using enhanced chemiluminescence (ECL; Amersham Pharmacia Biotech, Piscataway, NJ). Quantification of the IP 3 R was performed using Adobe Photoshop. The intensity of the IP 3 R band in cow GVs (0 h) was used as the baseline and arbitrarily given the value of 1 as described above. The intensity of the bands from oocytes matured for 24 h (M-II) was calculated relative to 1. These experiments and the kinase assays described above were replicated three times.
Reciprocal M-II Nuclear Transfer
Oocytes collected and matured in vitro as described above, ooplasts, and reconstructed embryos were held and manipulated in TL-Hepes supplemented with 3 mg/ml BSA. M-II oocytes were first denuded of cumulus cells by vortexing for 3 min in TL-Hepes supplemented with 1 mg/ ml bovine testis hyaluronidase and then mechanically enucleated using Narishige hydraulic micromanipulators (Medical Systems, Great Neck, NY) mounted on a Nikon Diaphot microscope (Nikon, Garden City, NJ). Enucleation was performed using 20-m-diameter pipettes that were beveled and sharpened. Metaphase chromosomes were visualized under ultraviolet light (Ͻ6 sec) after staining with 5 g/ml bisbenzimidine (Hoechst 33342) for 20 sec. The integrity of the ooplast was assessed, as were the M-II chromosomes inside the pipette, which were subsequently transferred into the perivitelline space of an enucleated oocyte.
Somatic Cell Nuclear Transfer
Cumulus cells collected by denuding oocytes collected from cows were used as nuclear donors, and calf and cow ooplasts were the recipients. Cumulus cells were collected following vortexing of COC, washed, cultured in TCM-199 with Earle salts (Life Technologies) supplemented with 10% FBS (Hyclone Labs), seeded at a density of 250 000 cells/ml, and cultured for 48 h (confluency) prior to transfer. Cells were recovered after treatment with 0.25% trypsin and 0.04 % EGTA (Life Technologies). Cells estimated to be in G0/G1 (confirmed by staining with Hoechst 33258 and flow cytometry) were transferred into the perivitelline space of either a calf or cow ooplast, fused, and cultured as described below.
Cell Fusion
Fusion of karyoplasts or somatic cells was carried out by manually aligning cells in a fusion chamber (BTX, San Diego, CA) so that the membranes to be fused were parallel to the electrodes. Fusion was initiated by administrating one electrical pulse of 3 kV/cm for 20 sec (BTX Electro Cell Manipulator 200), and the parameter of the pulse was monitored with a BTX Optimizer-Graphic Pulse Analyzer.
Activation and Embryo Culture
Two to 4 h after fusion, oocytes were activated by incubation in ionomycin (5 mM; Calbiochem, San Diego, CA) for 4 min and in 2 mM 6-dimethyl aminopurine [55] for 3 h. Oocytes were then washed four times in TL-Hepes and placed on monolayers of cumulus cells established 48 h earlier (approximately 1 ϫ 10 6 cells/ml). Initially, TCM-199 with 2% FBS and 2% antibiotic-antimycotic (5 oocytes/400 l of medium) was used as culture medium under 250 l of mineral oil in a humidified atmosphere of air and 5% CO 2 until Day 5, when 50% of the medium was replaced with fresh TCM-199 containing 20% FBS. Zygotes were evaluated 48 h after activation for cleavage and after 7-9 days for development to morulae and blastocysts. Parthenotes were produced from adult cow and calf oocytes following the same activation and culture protocols.
Statistical Analysis
Statistical differences in kinase activities and relative density of IP 3 R between calf and cow oocytes were analyzed using Student t-test. In M-II and somatic cell transfer experiments, fusion rates (6 h), cleavage rates (48 h), and development to morulae and blastocysts (Days 7-9) were analyzed by the chi-square test. The level of significance was P Ͻ 0.05.
RESULTS
MPF and MAPK Activities Are Lower in Calf Oocytes
The kinetics of activation of MPF and MAPK activity during oocyte maturation were compared between groups of calf and cow oocytes at the start of and during in vitro maturation (IVM). As shown in Figure 1A , both MPF and MAPK were activated at approximately the same time. Kinase activity was low in GV oocytes (0 h) and increased several fold at 15 and 24 h of maturation, at which time most oocytes were at M-I or M-II, respectively. These patterns of kinase activation were similar to those previously reported for adult bovine oocytes during the resumption of meiosis [30] . Although the amount of kinase activity increased in calf oocytes during maturation, the total activity of MPF and MAPK remained significantly lower than that observed in oocytes from cows (P Ͻ 0.01; Fig. 1, B and C) at 15 h (2.1-vs. 4.2-fold and 2.1-vs. 4.1-fold; H-1 and MAPK, respectively) and 24 h (2.6-vs. 6.8-fold and 3.1-vs. 7.7-fold; H-1 and MAPK, respectively) maturation.
To confirm the specificity of the MAPK analysis, an ingel kinase assay was conducted and the substrate, MBP, was added directly to the gel matrix. This assay allowed us to detect the presence and activity of renatured MAPK. No activity was detected in GV stage calf and cow oocytes ( Fig. 2A, lanes 1 and 3, respectively) , but increases were detected after 24 h of maturation in both ( Fig. 2A, lanes 2  and 4, respectively) . However, the increase was several fold higher in cow oocytes than in calf oocytes (P Ͻ 0.01; Fig.  2B ). Taken together, these findings suggest that the kinetics of MPF and MAPK, two critical kinases required for normal meiotic maturation, are compromised in calf oocytes. These deficiencies may lead to improper ooplasmic maturation and may result in the production of developmentally incompetent oocytes.
Expression of IP 3 R in Calf Oocytes Is Lower
Comparison by Western blotting of the relative density of IP 3 R in groups of 10 calf or cow oocytes before and after maturation showed that IP 3 Rs are present in both groups (Fig. 3A) . Moreover, the relative amounts in calf oocytes increased 2.5-fold during maturation (Fig. 3B) . This increase during maturation was also observed for cow oocytes ( Fig. 3B; 1.3-fold) and is similar to results previously described [48] . Although the rate of increase in IP 3 R protein levels during maturation in calf oocytes was greater than that for cow oocytes, the total amount of IP 3 R protein was significantly less (P Ͻ0.05) in calf oocytes. These results and previous data [13] indicate that the lower density of IP 3 R in calf oocytes may be responsible for the decreased responsiveness of these oocytes to calcium agonists and sperm factors released at fertilization, which may result in incomplete or improper oocyte activation.
Differences in concentrations of IP 3 R, MAPK, and MPF due to oocyte volume were controlled for by using only calf and cow oocytes of similar size (120.6 Ϯ 1.2 m and 121.9 Ϯ 0.08 m, n ϭ 255). In addition, to determine whether similar amounts of other proteins were present in oocytes, membranes used for IP 3 R Western blots were stripped and reprobed with an anti-␣-tubulin monoclonal antibody. As shown in the Western blot in Figure 3C , the amount of tubulin protein increased significantly during maturation in both calf and cow oocytes and did not differ significantly between groups (quantification data not shown; P Ͼ 0.05).
Reciprocal Transfer of M-II Chromosomes Between Cow and Calf Oocytes Shows Lack of Developmental Capacity in Calf Oocytes
To assess nuclear and ooplasmic maturation of calf oocytes, cleavage and development following reciprocal transfer of M-II between cow and calf oocytes were compared. Embryos reconstructed by fusion of calf M-II chromosomes into adult ooplasts cleaved at higher rates (P Ͻ 0.05) and produced more blastocysts (Table 1 ) than did those formed by transfer of adult M-II to calf ooplasts. Although embryos derived by transferring adult M-II to adult ooplasts developed to blastocysts, they did so at a rate lower than that of adult parthenogenically activated oocytes (Table 1 ). Both cleavage rates and development to blastocysts were significantly lower in parthenogenically activated calf oocytes when compared with similarly activated cow oocytes ( Table  1) .
Rates of Cleavage and Development to Blastocysts Are Low When Adult Somatic Cells Are Transferred to Calf Ooplasts
The ability of calf and cow ooplasm to support embryo development was compared after transfer of cumulus cells from adult animals. Embryos constructed from calf ooplasts cleaved at a lower rate and produced fewer morulae and blastocysts than did those derived using adult ooplasts (Table 2 ; P Ͻ 0.05). These results provide physiologic evidence that link the biochemical observations of lower levels of key regulatory factors to poor developmental competence of calf oocytes.
DISCUSSION
The use of prepubertal animals as donors offers the potential of reducing generation intervals and increasing the rate of genetic gain through embryo transfer [56, 57] . Similarly, oocytes collected from senescent animals could be used to preserve valuable genetic lines or endangered species. However, evidence is accumulating that these oocytes may lack developmental competence because of defects in their ooplasm. The results reported here support this hypothesis.
The ability to spontaneously resume meiosis in vitro is not shared by all oocytes within an ovarian population. Previous studies have indicated that this ability is acquired progressively during oocyte growth [2, 4, 6, 58] . In general, the capacity of bovine oocytes to complete meiosis and reach M-II is directly related to oocyte size [4, 5, 59] . Because oocytes selected for analysis of MPF, MAPK, and IP 3 R in this study were similar in size yet differed in content of these key regulatory components, there may be an uncoupling of physiologic (structural) growth of the oocyte and synthesis of key cytoplasmic components related to developmental competence. The finding that calf oocytes were capable of resuming and completing meiosis following IVM but then failed to develop suggests that attainment of meiotic and developmental competence are sequential rather than coincident processes. This idea is further supported by the observation that after reciprocal transfer of M-II chromosomes between adult and calf oocytes or transfer of adult cumulus cells to cow or calf oocytes, cleavage rates and development to blastocysts occurred at higher rates when the reconstructed embryos contained adult ooplasm.
The acquisition of meiotic and possibly developmental competence by bovine oocytes may be related to changes in the quantity or phosphorylation states of ooplasmic kinases, as has been reported in other species [27, 29, [60] [61] [62] [63] . Our observations that the activity of MPF and MAPK are lower in calf oocytes than in oocytes of adult cattle provides evidence that the synthesis and storage of upstream regulators are compromised in calf oocytes. Lower levels of protein synthesis in calf oocytes reported by Levesque and Sirard [19] and Gandolfi et al. [18] are consistent with this observation. Similarly, it has been suggested that the amount of p34 is the limiting factor that prevents resumption of meiosis in immature goat [64] and mouse [65, 66] oocytes, and Levesque and Sirard [67] reported that levels of cyclin B were lower in immature bovine oocytes. Levels of MPF and cyclin B in immature pig [68] and rat [69] oocytes were reported to be similar to those of adult animals. However, Naito et al. [70] showed that the ability of porcine oocytes to complete meiosis was correlated with levels of MPF. These data suggest that although levels of MPF or its components vary among species, completion of maturation and subsequent oocyte activation is dependent upon adequate amounts of active MPF.
The failure of calf oocytes to initiate successful embryonic development could also be due to low activity of MAPK or its downstream targets. The relative activity of MAPK was low prior to maturation but increased in both cow and calf oocytes during the process. However, the increase in MAPK activity seen in calf oocytes was significantly lower than that observed in cow oocytes, which suggests that either active MAPK is deficient in calf oocytes or upstream regulatory components may be inadequate. Although not tested in these experiments, c-mos, a stimulator of MAPK activation and stabilizer of MPF, could be low. The findings of Nebreda and Hunt [32] , that c-mos stimulated MAPK activity in frog oocytes, and of Fissore et al. [30] , that microinjection of c-mos mRNA into bovine oocytes stimulated activation of MAPK and accelerated meiosis, support this possibility. Also associated with inactivation of MPF and MAPK, which have been shown to be differentially inactivated in parthenogenically activated bovine oocytes [71] , is formation of the male pronucleus, which is abnormal or delayed in immature mouse oocytes [72] . This defect has also been noted following in vitro maturation and fertilization of prepubertal calf oocytes [13] . Collectively, these data suggest that meiotic and developmental incompetence of prepubertal bovine oocytes is due, at least in part, to decreased synthesis of key regulatory components.
Activation of mature oocytes by the fertilizing sperm is dependent upon an explosive release of Ca 2ϩ from the endoplasmic reticulum, followed by a series of oscillations in intracellular concentrations [38] [39] [40] [41] [42] 73] . This highly conserved mechanism is also an excellent indicator of oocyte maturation. Our previous results [13] showed that the vast majority of oocytes collected from calves released less Ca 2ϩ following fertilization or microinjection of a soluble porcine sperm factor and were less sensitive to a challenge with the calcium-releasing agonist, IP 3 . A possible explanation for this observation is that there are fewer IP 3 Rs in calf oocytes. It is widely accepted that the IP 3 R plays a critical role in the generation of [Ca 2ϩ ] i oscillations [45, 48, 74] . Further, Mehlman et al. [47] and He et al. [48] reported that immature mouse oocytes contained approximately 50% less IP 3 R protein than did mature oocytes. The results presented here show that although the relative density of the IP 3 R was lower in calf oocytes prior to and increased after activation, it remained significantly lower than levels in oocytes of adult cattle. Collectively, these data support our previous observations [13, 14, 20] that release of Ca 2ϩ is abnormal in calf oocytes and are consistent with the hypothesis that oocytes from prepubertal calves may complete meiosis, although biochemical changes essential for development are incomplete.
The physiological significance of these biochemical differences was assessed by determining developmental competence after parthenogenic activation of cow and calf oocytes and a series of nuclear transfer experiments. Fewer parthenogenically activated calf oocytes cleaved and developed to blastocysts than did those of adult cattle. Similar results were obtained when nuclear transfer embryos were constructed from nuclei of adult cumulus cells fused to calf ooplasts. These results are similar to those of Mermillod et al. [75] , who assessed ooplasmic maturation by transfer of cells from bovine morulae to cow and calf ooplasts and reported that fewer blastocysts were produced when calf ooplasts were used despite similar cleavage rates. The key role of the ooplasm in the initial development of the bovine embryo is evident from the work of Diamente et al. [76] , who reported that enucleated bovine oocytes ''cleaved'' until the 9-to 16-cell stage when activated, and the work of Westhusin et al. [77] , who showed that blastomere cell number in bovine embryos was reduced when ooplasm was decreased. These observations suggest that the biochemical differences between calf and adult ooplasm may be correlated with developmental deficiencies in prepubertal oocytes.
The above results were confirmed by reciprocally transferring M-II chromosomes between cow and calf oocytes. Cleavage rates following fusion were higher in embryos containing adult ooplasm, and only embryos constructed with adult ooplasm developed to blastocysts, suggesting that ''competent ooplasm'' can rescue development. These findings are similar to results reported following transfer of M-II ooplasm into monkey GV oocytes [78] or transfer of ooplasm from fertile women to oocytes collected from infertile women or to oocytes after they have reached senes-cense [79, 80] . More recently, Lazendorf [81] showed that the ooplasmic component responsible for the ''rescue'' was thermostable; ooplasm from cryopreserved and thawed competent oocytes resulted in a full-term twin pregnancy when transferred into the oocytes of a patient with a history of poor oocyte quality. Collectively, these results suggest that the stage of ooplasmic maturation has profound effects on meiotic and developmental competence and that ooplasmic transfer offers a method for rescuing oocytes of poor quality.
These results show that following IVM the activity of both MPF and MAPK and the relative amount of IP 3 R are substantially lower in calf oocytes than in oocytes of adult cattle. These biochemical differences are correlated with development of nuclear transfer embryos or parthenogenically activated calf oocytes; embryos containing adult ooplasm cleaved and developed to blastocysts at higher rates than those containing calf ooplasm. These observations further suggest that key ooplasmic components associated with fertilization, cleavage, and development are compromised in calf oocytes,thus providing an explanation for the low developmental competence of these oocytes. These findings provide the biochemical basis for beginning the assessment of molecular mechanisms associated with maturation and acquisition of developmental competence of bovine oocytes.
